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SUMMAxY 

Various hypotheses are discussed with reference to possible mechanisms 
having created lunar maria. Several peculiarities of lava distribution rule 
out the "diffluence" mechanism from a central basin, i. e., lavas flooding 
maria and cirque floors can hardly originate from a unique center. On the 
other hand, it seems that the feeding channels are scattered about the entire 
area of a forming recession with thickening along its rims, these channels 
originating from a single source of which limit variants are discussed. 
The notion of a continuous, rather shallow fusion layer is introduced, suggest- 
ing the principle of connecting vessels. 
on Earth, where no such analogy can exist. 

Comparison is made with conditions 

* 
* *  

There are several hypotheses on the origin of lunar maria and cirques. 

The pe- 
The most convincing of all is the opinion that maria and flat bottoms of 
cirques are composed of lavas, most probably of basic nature [12]. 
culiarities of distribution of these lavas along the area and in height have 
not yet been sufficiently explained. 

The surfaces of Moon's young maria (lava areas) lack, as a rule, suffi- 
ciently sharp altitude gradients. 
whereupon 
flection from the true sphere [10,14]. 
this deflection occurs on account of surface curving of the gravitational po- 
tential 111, fn such a case a substantial part of maria is disposed horizon- 
tally relative to the gravitational field. However, within the bounds of 
each separate mare its surface may be considered as disposed over the same 
level. The protruding relics, of varying altitudes, only underscore this 
surface uniformity. At boundaries with continents these maria form complex 
bays, festoons, penetrating inside continental subsidences by meander lobes 
and entering craters. It seems that enormous masses of very liquid lavas 
ran over large distances from the central basin and flooded all the subsi- 
dences along their path. But to this "diffluence" mechanism from the center 
the following lava distribution peculiarities do not correspond. 

They are either horizontal or smoothly bent, 
these drag dips are usually connected with general selenoid de- 

Apparently a significant fraction of 

(*) 0 MEKHANIZME VOZNIKNOVENIYA LUNNYKH MOREY 
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1. Depressions on t h e  o u t s k i r t s  of con t inen t s ,  f i l l e d  wi th  matter of 
maria, l i e  sometimes h ighe r  than t h e  mare i t s e l f  and t h e  s u r f a c e  of t he  m a t -  
ter f i l l i n g  i t  rises somewhat toward t h e  con t inen t  (Mare Nubium t o  t h e  w e s t  
of Alphonsus crater). But even if lava  d id  s p i l l ,  it should have moved from 
t h e s e  depress ions  toward t h e  mare and n o t  vice-versa .  

2. Loca l ly  sea "channels" and "gulfs"  are in te r twined  wi th  c o n t i n e n t a l  
areas i n t o  a l a b y r i n t h  wi th  narrow passages ( reg ion  t o  the  south  of Taurus).  
It is d i f f i c u l t  t o  b e l i e v e  t h a t  lavas are capable  t o  run i n  such a way as t o  
f lood  a l l  t hese  t o r t u o u s  c o r r i d o r s .  

3 .  The youngest dark  lavas, w e l l  v i s i b l e  owing t o  the  f a c t  t h a t  they 
over lap  t h e  r a y s  of Copernicus craters,  are disposed without  any s o r t  of con- 
nec t ion  wi th  t h e  c e n t e r s  of mare b a s i n s ;  much r a t h e r  t o  t h e  con t r a ry ,  they 
are confined t o  the  edges of maria ( Mare S e r e n i t a t i s ) .  

4 .  There i s  a mul t i t ude  of s m a l l  areas, each of which is  bounded from 
a l l  s i d e s  by c o n t i n e n t a l  c r e s t s  and being neve r the l e s s  f i l l e d  with matter of 
maria. A t  t i m e s  one may see i n  a mare an  annular  w a l l  of a c i r q u e ,  of which 
t h e  bottom i s  covered wi th  mare overburden of same age as t h e  matter of t h e  
surrounding mare. But t h i s  w a l l  is nowhere i n t e r r u p t e d ,  s o  t h a t  a t  t i m e s  
t h e  way t h e  mare subs tance  h i t  i n s i d e  t h e  c i rque  remains incomprehensible. 
(Refer t o  F igs  1 and 2 of t h e  p l a t e  next  page).  S t i l l  more s u r p r i s i n g  i s  t h e  
f a c t  t h a t  mare s u r f a c e  l e v e l  i n s i d e  and ou t s ide  t h e  c i rque  remains t h e  same. 
The same is  observed a l s o  f o r  depress ions  of i r r e g u l a r  shape: t h e  mare sub- 
s t a n c e  overlapping them has a n  i d e n t i c a l  o r  c l o s e  l e v e l  as compared wi th  t h e  
ad jacen t  mare, a l though each such a r e a  i s  i s o l a t e d  (Fig.3) .  Obviously, t h i s  
is  not  a gene ra l  r u l e ,  b u t  much r a t h e r  a t r end ;  similar formations occupy 
an  in t e rmed ia t e  p o s i t i o n  between c i rques  i n  which t h e  subs tance  of mare is 
below the  surrounding l e v e l  and Wargentin-type c i rques  wi th  excess  of lavas. 
S imi l a r  phenomena are observed a l s o  f o r  an t ique  maria. Thus, t h e  f l o o r  
of C y r i l l u s  crater,  f i l l e d  wi th  anc ien t  mare formations,  l ies  a t  t h e  l e v e l  of 
surrounding l o c a l i t i e s ,  though o r i g i n a l l y  t h i s  c i r q u e  should have had a depth 
comparable wi th  t h e  depth of t h e  young Theophylus c i rque .  Between Alphonsus 
and Albategniuscomplex c o n t i n e n t a l  s t r u c t u r e s  look as i f  they were immersed 
and flooded by dark-grey matter, whose s u r f a c e  main ta ins  a unique level 
(Fig.4) a 

There are many such examples and t h e  explana t ion ,  stemming from lava  out-- 
f low from a s i n g l e  reg ion ,  is  inapp l i cab le .  Assumptions w e r e  ventured t h a t  
t h e  flooded areas emerged a t  con t inua l  mel t ing  from below, so t h a t  only f l o a t -  
i n g  "icebergs" of c o n t i n e n t a l  s t r u c t u r e s  remained [13] .  
such a p l ane ta ry  mel t ing  t h e  p re se rva t ion  of unique f a u l t  o r i e n t a t i o n  i n  ante- 
maria r e s i d u a l  ou tcrops ,  j u s t  as i n  t h i n  und i s to r t ed  crater r i n g s ,  w a s  impos- 
s i b l e .  
area along " indiv idua l"  channels  and cracks  e 

But i n  t h e  midst of 

I t  is more probable  t h a t  lava w a s  f ed  t o  each s e p a r a t e  "flooding" 

The l o c a l i z a t i o n  of such feeding  channels  i s  of i n t e r e s t .  According t o  
"Ranger-9" photographs,  8 t i n y  craters w e r e  made apparent  as f i t t e d  on cracks 
mostly a long t h e  r i m s  of t h i s  ca lde ra - l ike  s t r u c t u r e  [12]. Each of them i s  
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Fig.1.  Archimedes c i r q u e  f i l l e d  wi th  
m a r e  substance 

Fig.2.  Archimedes c i rque  p r o f i l e  
ante-maria (above) 
Copernicus c i rque  p r o f i l e  
postmaria (below) 

Fig.3. Mare Humorum shore.  Dark l avas  
occupy t h e  edge of m a r e  b a s i n  and f i l l  

Fig.  4 .  "Presunk" r e l i e f  between 
Alphons and Albategnius (walled 

t h e  subsidence between clear cont inent-  p l a i n )  c i rques  
a l  s t r u c t u r e s  



4 

surrounded by a da rk  s p o t  of 5 t o  10 km i n  d iameter ,  formed by vo lcan ic  
products  of r e c e n t  e rup t ions .  The gene ra l  ske t ch  of c racks  a t  t h e  f l o o r  
of Alphonsus crater b e a r s  wi tness  on t h e  i r r e g u l a r i t y  i n  t h e  subsidence 
of t h e  e n t i r e  bottom as a whole i n s i d e  t h e  annular  w a l l ,  
w a l l  are formations sugges t ing  t h e  lava "lakes" between Alphonus and Albate- 
gnius;namely, depress ions  wi th  smooth bottom, p a r t i a l l y  bounded by concen t r i c  
f r a c t u r e s  of t h e  w a l l .  S imi l a r  l akes  l i e  on t h e  spu r s  of t h e  i n t e r n a l  s lope  
of Copernicus w a l l  [23. Along t h e  internal w a l l  of Ar i s t a rchus  crater a r ed  
band w a s  observed; i t  w a s  expla ined  by lava e f f u s i o n  [ll]. I f  t hese  pheno- 
mena are indeed l inked  wi th  e f f u s i o n s ,  one should conclude that t h e  vo lcan ic  
a c t i v i t y  of similar c i r q u e s  is  l o c a l i z e d  i n  t h e  zone along t h e  c i r q u e ' s  w a l l .  
The f a c t  t h a t  such s h i f t s  t a k e  p l ace  on t h e  i n n e r  s i d e  of annular  w a l l s  tends 
t o  exp la in  numerous p e c u l i a r i t i e s  of c i rques .  Thus, Sabina and R i t t e r  cra- 
ters r e v e a l  annular  terraces shoulders  and p i t s  o r  d i t c h e s .  I n  many c i r -  
ques f r a c t u r e s  form subconcent r ic  s t r u c t u r e s  ( P i t a t u s ,  Arzachel) .  There are 
c i rques  i n  which p re -c ra t e r  s t r u c t u r e s  are seen  i n s i d e  t h e  annular  w a l l ,  
whereupon they are lowered along t h e  f r a c t u r e  pass ing  along t h e  edge of t h e  
f l o o r .  A s i g n i f i c a n t  p a r t  of subs idences ,  having g iven  s ta r t  t o  young maria, 
a l s o  occurred on account of s h i f t s  a long t h e  b o r d e r l i n e  f a u l t s .  
newest l avas  encompassing Mare S e r e n i t a t i s ,  t h e  concen t r i c  w a l l s  and c racks  
of Mare Humorum, t h e  escarpments of c o a s t a l  mountain ranges - a l l  t h i s  may 
b e  explained by t h e  f a c t  t h a t  weakened f i s s u r e d  zones pass  a long t h e  edges 
of maria a 

Seen on t h e  c i r q u e ' s  

The r i n g  of 

Therefore ,  l a v a s ,  f looding  maria and f l o o r s  of c i r q u e s ,  can hard ly  o r i -  
g i n a t e  from a unique cen te r .  It  is  probable  t h a t  t h e i r  feeding  channels  are 
s c a t t e r e d  about t h e  e n t i r e  area of t h e  forming r eces s ion  with th ickening  
along i ts  r i m s .  But a l l  t h e s e  channels must b e  f ed  from a s i n g l e  source ,  f o r  
o therwise  i t  would be d i f f i c u l t  t o  exp la in  t h e  reason f o r  t h e i r  a c t i n g  a t  
one (geologic)  t i m e  and forming lava s h i e l d s  a t  a s i n g l e  l e v e l .  

There are two p o s s i b l e  l i m i t  v a r i a n t s  f o r  such a source:  1) a fus ion  
seam with small  d iameter ,  b u t  deeply s e a t e d  ( a t  convergence of annular  f r a c -  
t u r e s  on a cone wi th  a 60 t o  70" inc idence  angle  the  depth of a po in t  source 
is comparable wi th  t h e  diameter  of s u r f a c e  s t r u c t u r e ) ;  2) a no t  too deep 
fus ion  seam wi th  diameter comparable wi th  t h a t  of t h e  s u r f a c e  s t r u c t u r e .  
A s  regards  ca lde ra - l ike  c i rques  both v a r i a n t s  are poss ib l e .  However, annu- 
l a r  s t r u c t u r e s  of maria have diameters  of 300 t o  600 km as an average, whi le  
a unique b e l t  of maria extends a c r o s s  the  e n t i r e  v i s i b l e  hemisphere passing 
t o  t h e  f a r  s i d e  of t h e  Moon. This  is why t h e  second v a r i a n t  is  p r e f e r a b l e  
f o r  maria, t h a t  i s ,  t h e  fus ion  sources  must have diameters  of s e v e r a l  hun- 
dred k i lometers .  

Therefore ,  t h e  s t r u c t u r e  of t h e  luna r  s u r f a c e  (on t h e  condi t ion  of i t s  
vo lcan ic  o r i g i n )  provides  t h e  b a s i s  t o  assume t h a t  a continuous l a y e r  is  
disposed compart ively not  t oo  deep on t h e  Moon, which i f  no t  a f u s i o n  seam, 
must be  composed of matter r e a d i l y  prepared t o  m e l t  a t  a s m a l l  temperature 
inc rease  o r  p re s su re  decrease.  I f ,  f o r  example, p re s su re  should decrease  
under t h e  a c t i o n  of t i d a l  f o r c e s ,  a cha in  of fused seams of enormous exten- 
s i o n  must arise i n  t h e  e q u a t o r i a l  b e l t .  The h y d r o s t a t i c  p re s su re ,  i d e n t i c a l  
f o r  t h e  e n t i r e  source ,  w i l l  ensure  a r e l a t i v e l y  uniform supply of material 
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t o  t h e  s u r f a c e ,  r e s u l t i n g  i n  t h e  formation of unique p l a t eau -basa l t s  levels 
even i n  s m a l l  i s o l a t e d  areas coinc id ing  wi th  t h e  gene ra l  level of maria. 
This  mechanism sugges ts  t h e  p r i n c i p l e  of connecting vessels, b u t ,  obviously,  
i n  t h e  most gene ra l  form. 

Such abundance and dimensions of f u s i o n  sources  f i n d  themselves no ana- 
logy on Ear th .  Evident ly ,  t h e  fundamental cause of t h i s  d i f f e r e n c e  c o n s i s t s  
i n  t h e  lesser g r a v i t a t i o n a l  f o r c e  and, correspondingly,  i n  a p res su re  i n  
luna r  i n t e r i o r  lower by a f a c t o r  of 6. This  is why i n  case of i d e n t i c a l  t e m -  
pe ra tu re  d i s t r i b u t i o n  i n  depth ,  t h e  melt ing p o i n t  f o r  t h e  Moon w i l l  be  a t t a i n -  
ed a t  cons iderably  lower depths  than f o r  t h e  Earth [4 ] .  Computations of 
p o s s i b l e  temperature  d i s t r i b u t . i o n  f o r  t h e  Moon w e r e  performed more than  once 
[5 - 81. 
This  concerns t h e  age of t h e  Moon, t h e  conten t  i n  r a d i o a c t i v e  subs tances ,  t h e  
means of t h e i r  t r a n s p o r t  t o  t h e  s u r f a c e  etc, D i f f e r e n t  are also t h e  va lues  
of thermal f l u x  used i n  computations,  which are der ived  from observa t ions  i n  
r a d i o  and i n f r a r e d  bands,  
p e r a t u r e  curves  f o r  t h e  p re sen t  t i m e ,  they s t i l l  i n t e r s e c t  t h e  cu rve - fo r  
d u n i t e  f u s i o n  i n  t h e  i n t e r v a l  of depths  from 250 t o  600 km [8]. The mel t ing  
of b a s a l t  must take  p l ace  a t  lower temperatures  [ 3 ] ,  i. e., a t  100 t o  400 km 
depths .  A t  t h e  same t i m e ,  i f  w e  p o s t u l a t e  a t  t h e  b a s i s  of c a l c u l a t i o n s  t h e  
d a t a  on t h e  g r e a t  thermal  f l u x ,  c u r r e n t l y  contes ted  [ S I ,  w e  o b t a i n  g r e a t e r  
depths .  One should a l s o  t a k e  i n t o  account t h e  bear ing  out  of r a d i o a c t i v e  
subs tances  i n t o  t h e  s o l i d  s h e l l  by way of i n t r u s i o n s  and e f fus ions ,  which must 
raise t h e  boundary of t h e  fused l aye r .  I n  any case, t h e  a v a i l a b l e  d a t a  on 
t h e  thermal  cond i t ions  of t h e  Moon a r e  n o t  i n  c o n t r a d i c t i o n  wi th  t h e  p re sen t ly  
s t a t e d  r e p r e s e n t a t i o n  on a beaded f u s i o n  l aye r ,  
w i th  volcanic: products .  

The i n i t i a l  d a t a  f o r  t hese  c a l c u l a t i o n s  can vary w i t h i n  broad l i m i t s .  

Never the less ,  whatever t h e  discrepancy i n  t h e  t e m -  

supplying t h e  luna r  s u r f a c e  
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